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In this note we propose a topological action for a Poincare times diffeomorphism invariant gauge
theory. We show that there is Higgs phase where the gauge symmetry is spontaneous broken to a
diagonal Lorentz subgroup and gives the Einstein-Hilbert action plus the dRGT potential terms.
In this vacuum, there are five (three from Goldstone modes) propagating degrees of freedom which
form polarizations of a massive spin 2 particle, an extra healthy heavy scalar (Higgs) mode and
no Boulware-Deser ghost mode. We further show that the action can be derived in a limit from a
topological de Sitter invariant gauge theory in 4 dimensions.
Introduction
The construction of a local and Lorentz invariant field
theory for interacting massive spin 2 particles has long
been an interesting academic question. It is cosmologi-
cally interesting too which modifies the behavior of grav-
ity at long distances and offer a dynamical explanation
for the late time accelerated expansion of the Universe.
Applying the effective field theory view on a theory of
massive gravity [1], the authors of [2, 3] constructed a po-
tential contribution to the Einstein-Hilbert action which
gives graviton a mass and modifies the dynamics of Gen-
eral Relativity in the IR limit. This fully non-linear the-
ory (a.k.a. dRGT theory) propagates five degrees of free-
dom for each polarization of massive spin 2 particle and
avoids the Boulware-Deser ghost excitation [4] by care-
fully tuning interactions [2, 3, 5, 6].
The existence of a fiducial fixed Minkowski met-
ric in the dRGT theory, breaks diffeomorphism invari-
ance of the Einstein-Hilbert action and makes longitudi-
nal/Goldstone modes dynamical. However being deriva-
tively coupled, the Goldstone interactions grow with en-
ergy and get stronger that eventually break perturbation
theory at some scale. This cut-off scale of the effective
field theory is simply determined by computing the tree
level scattering amplitudes and seeing when it hits the
unitarity bound. Around Minkowski spacetime, the cut
off is Λ3 = (m
2mPl)
1/3 which is unacceptably low about
10−13 eV for phenomenologically motivated value for the
graviton mass m ∼ H0 ∼ 10−33 eV. The common lore
is that this low energy effective field theory must be ex-
tended at higher energies to its UV completion with pos-
sibly new degrees of freedom.
On the one hand, one would wonder if the Lorentz
invariant massive gravity could have a Lorentz invariant
UV completion. Recently, a nice study showed that there
is a region in the parameter space of the dRGT theory
where it is indeed possible [7]. In fact by computing four
particles forward scattering amplitudes it is shown that
analyticity and unitarity conditions are satisfied within
this window.
On the other hand, in the case of massive non-Abelian
gauge theories, the Higgs mechanism is responsible for
dynamical symmetry breaking and giving mass to vector
fields in a weakly coupled regime. Furthermore, it UV
completes the theory by introducing a heavy extra Higgs
mode. Analogously, one would wonder if there is a micro-
scopic theory which leads to the dRGT theory through
spontaneous gauge symmetry breaking and dynamically
generates mass. In order to approach this idea, one first
needs to formulate gravity as a gauge theory and then
construct a mechanism for dynamical symmetry break-
ing. Gauge theory for gravity has a long history and
many attempts were made to construct a model (see [8–
16]). However, a satisfactory symmetry breaking mech-
anism to produce massive graviton (a` la dRGT) in still
lacking (see [17–24] for previous attempts).
In this note, we propose a dynamical mechanism
through which the spin 2 particles receive mass. We start
from a topological action which is invariant under local
Poincare transformations times diffeomorphisms. The
Poincare group is especially motivated as it is the symme-
try of Minkowski spacetime that well approximates the
visible Universe. The dynamical fields are gauge connec-
tions plus spacetime scalars in vector and singlet repre-
sentations of the Lorentz group. We show that there exist
a Higgs phase where scalars (and derivative of them) re-
ceive non-zero vacuum expectations values and thereby
breaks the gauge symmetry to a diagonal Lorentz sub-
group. In this phase we find the Einstein-Hilbert action
plus the dRGT potential terms. Around this vacuum
there are 5 degrees of freedom of a massive spin 2 par-
ticle, 3 of which are Goldstone modes from the extra
vector, and a massive healthy heavy Higgs mode. The
Boulware-Deser ghost is removed in the special form of
the potential. The Higgs excitation can help to improve
the UV behavior of longitudinal polarizations of the mas-
sive tensor mode. Finally, we show that the action can
be derived from a simpler looking topological de Sitter
invariant action.
The dRGT Potential Terms Before we move on to
introduce the action we briefly review the dRGT theory
[2, 3]. Through careful tuning of all possible interactions,
a fully non-linear theory for massive graviton has been
proposed which propagates 5 healthy degrees of freedom
[5, 6]. In terms of vierbein 1-forms ea = eaµdx
µ and a
unit 1-form 1a = δaµdx
µ the potential can be written into
an interesting form as follows [25]
−V dRGT
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+
b3
6
abcdea ∧ 1b ∧ 1c ∧ 1d, (1)
where m is the graviton mass given that b1+2b2+b3 = 1.
This particular form of the potential gives a constraint
that projects out the ghost-like degree of freedom. The
cosmological constant term can also be added to the
above potential as (b0/4!)abcde
a ∧ eb ∧ ec ∧ ed.
The Action
We start with a topological gauge theory which is in-
variant under local Poincare transformations and space-
time diffeomorphisms ISO(1, 3)×Diff. Needless to say
with no metric in the action, diffeomorphism invariance
is essentially topological invariance. The Poincare group
is an internal group and diffeomorphisms act over 4 di-
mensional base (spacetime) manifold. No metric struc-
ture on the base manifold is assumed a priori, however,
it can be defined a posteriori. The action reads as
S = labcd
∫
M
c1ϕR
ab ∧Rcd
+c2ϕR
ab ∧ (Dφc + ϕec) ∧ (Dφd + ϕed)
+c3ϕ(Dφ
a + ϕea) ∧ (Dφb + ϕeb)
∧(Dφc + ϕec) ∧ (Dφd + ϕed)
−2c2Rab ∧ (Dφc + ϕec) ∧ dϕφd
−4c3(Dφb + ϕeb) ∧ (Dφc + ϕec
)
∧(Dφc + ϕec) ∧ dϕφd
−l
∫
M
g (ϕ2 − v2)2Λ4. (2)
The dynamical fields are Lorentz ωab and translation ea
1-form connections (gauge fields for respective transfor-
mations) as well as Lorentz vector φa and singlet ϕ 0-
forms. R = Dω is the curvature 2-form of the Lorentz
connection and D = d+ω is the Lorentz covariant deriva-
tive. In the potential term, Λ4 is a dimensionless La-
grange multiplier 4-form, v is a dimensionful parameter
and g is a self-coupling. For simplicity we assume φa
are dimensionless and ϕ has mass dimension 1. A length
scale l is introduced to make c1, c2 c3 dimensionless con-
stants. They will later be absorbed in observables.  is
the totally anti-symmetric invariant of SO(1, 3) and lit-
tle Latin indices run from 0 to 3. Furthermore, the fields
transform under local Poincare transformation as follows
δωab = Dλ
a
b, (3)
δea = λabe
b −Dεa, (4)
δφa = λabφ
b − εaϕ, (5)
δϕ = 0, (6)
which leave the action intact. λ and ε are parameters of
Lorentz transformations and translations respectively.
It is useful to note that there are 45 (=24+16+4+1)
degrees of freedom. There are 10+4 gauge conditions,
4 constraints and 24 on-shell conditions from equations
of motion (see below) which removes 42 degrees of free-
dom. There remain 2+1 decoupled propagating degrees
of freedom. Compared to General Relativity, there are
4 Stu¨ckelberg fields for local translations φa which are
total gauge redundancies and the singlet ϕ.
The Equations of Motion The equation of motion of
the scalar ϕ reads as follows (group indices and  are
removed for brevity)
0 = −2gΛ4ϕ(ϕ2 − v2)
+ c1R ∧R
+ c2R ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe)
+ c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe)
+ 2c2ϕR ∧ (Dφ+ ϕe) ∧ e
+ 4c3ϕ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ e,
− 2c2φϕR ∧ e ∧ dϕ
− 12c3φϕ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ e ∧ dϕ
+ 2c2R ∧ (Rφ+ ϕT + dϕ ∧ e)φ
+ 2c2R ∧ (Dφ+ ϕe) ∧Dφ
+ 12c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Rφ+ ϕT + dϕ ∧ e)φ
+ 4c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧Dφ. (7)
The equation of motion of φa fields is derived as
0 = −2c2R ∧ (Dφ+ ϕe) ∧ dϕ
− 4c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ dϕ
− 2c2ϕR ∧ (Rφ+ ϕT + dϕ ∧ e)
− 12c3ϕ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Rφ+ ϕT + dϕ ∧ e)
+ 2c2R ∧ dϕ ∧Dφ
+ 12c3φ(Dφ+ ϕe) ∧ (Rφ+ ϕT + dϕ ∧ e) ∧ dϕ
+ 4c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ dϕ ∧Dφ. (8)
The equation of motion of connection ea is computed as
0 = 2c2ϕϕR ∧ (Dφ+ ϕe)
+ 4c3ϕϕ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe)
− 2c2ϕφR ∧ dϕ
− 12c3ϕφ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ dϕ. (9)
Finally, the equation of motion of the connection ωab is
0 = 2c2ϕφR ∧ (Dφ+ ϕe)
+ 4c3ϕφ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe)
− 2c2φφR ∧ dϕ
− 12c3φφ(Dφ+ ϕe) ∧ (Dφ+ ϕe) ∧ dϕ
− c1dϕ ∧R
− c2dϕ ∧ (Dφ+ ϕe) ∧ (Dφ+ ϕe)
− 2c2ϕ(Dφ+ ϕe) ∧ (Rφ+ ϕT + dϕ ∧ e)
+ 2c2(Dφ+ ϕe) ∧ dϕ ∧Dφ
+ 2c2(Rφ+ ϕT + dϕ ∧ e) ∧ dϕφ. (10)
2
The General Relativity Gauge We can use the trans-
lational part of the gauge symmetry to choose a gauge
in which φa = 0. Then, the action (2) reduces to the
Einstein-Hilbert action plus Euler term plus cosmologi-
cal constant. Given that ϕ = v one finds m2Pl = 2lc2v
3
and Λcc = c3lv
4. Now ea can be interpreted as the vier-
bein and the spacetime metric can be defined as eaµe
b
νηab.
In this limit the action is invariant under the residual lo-
cal Lorentz transformations and diffeomorphisms which
are indeed the gauge symmetries of General Relativity.
Masses from Spontaneous Symmetry Breaking
Now we study the vacuum solution in which the local
symmetries of the action (2) is spontaneously broken in
the following pattern
ISO(1, 3)×Diff → SO(1, 3)D, (11)
where SO(1, 3)D is a diagonal subgroup of and the
Lorentz group and an SO(1, 3) ⊂ GL(4) ⊂ Diff (Similar
symmetry breaking pattern has been studied in [26, 27]
in the framework of non-linear realization. However, no
dynamical mechanism is presented there).
We are interested in solutions where ϕ receives a vac-
uum expectation value by the potential term
〈ϕ〉 = v. (12)
In this vacuum, the equation of motion of ea (9) implies
c2R+ 2c3(Dφ+ ϕe) ∧ (Dφ+ ϕe) = 0. (13)
Using that, the equation of motion of ωab (10) gives
Rabφb + T
aϕ = 0. (14)
Given (13) and (14) the equation of motion of φa (9) is
solved with no extra constraint. Finally, the equation of
motion of ϕ requires that
2c1R+ c2(Dφ+ ϕe) ∧ (Dφ+ ϕe) = 0. (15)
It can be seen that (13) and (15) put a constraint on the
action parameters as
4c1c3 = c
2
2. (16)
Eventually, we need to solve a single equation (13). It
can be seen there is a stable non-trivial solution to (13)
such that
〈Dφa〉 = u(a) 1a, (17)
where 1a is a constant 1-form. For instance on torsion
free spacetime T a = 0 (thus φa is a covariantly constant
vector) we have dea = cabc(x)eb ∧ ec so ωab = gabc(x)ec
and thus Rab = fabcd(x)ec ∧ ed. Then, equation (13)
implies that u has to be a constant and furthermore fixes
(c3/c2) = F (u, v).
In components we can write (17) as 〈Dµφa〉 = u δaµ.
This solutions obviously breaks Lorentz invariant and
diffeomorphisms. However, the break down of Lorentz
symmetry can be compensated by the rotation part of
diffeomorphisms such that a diagonal subgroup survives.
Now it can be seen that the dRGT potential is obtained
in the following form from dynamical symmetry breaking
−V = lc3vabcd(u(a)1a + vea) ∧ (u(b)1b + veb)
∧(u(c)1c + vec) ∧ (u(d)1d + ved). (18)
This very particular antisymmetric potential removes the
ghost like Boulware-Deser mode from the spectrum [25].
In this vacuum besides the five polarization modes of
massive graviton (three of which are Goldstone modes
from φa), there is an extra scalar mode from ϕ.
The Planck constant is defined as follows
m2Pl = 2lc2v
3. (19)
Furthermore, comparing the dRGT potential (1) with
(18) we find that (after defining dimensionless parameters
αi and common u as αiu
i ≡ f(u(a)), i = 1, 2, 3)
24α1lc3v
4u = b1m
2m2Pl, (20)
24α2lc3v
3u2 = b2m
2m2Pl, (21)
24α3lc3v
2u3 = b3m
2m2Pl. (22)
Then the graviton mass can be read as follows
m2 = 12(c3/c2)(u/v)(α3u
2 + 2α2uv + α1v
2), (23)
Consistency checks (avoiding tachyonic graviton and sat-
isfying (16)) imply that sign(c1, c2, c3, v, u) is either of
(−−−++), (+++++), (+−++−), (−+−−+), (−−
− − −), (+ + + − −). We remind the reader that in
the dRGT theory in order that flat space is a solu-
tion one gets b0 + 3b1 + 3b2 + b3 = 0. Given that one
finds b0m
2 = 12(c3/c2)u
2, this constraint is satisfied for
(v/u)3 + 3(v/u)2α1 + 3(v/u)α2 + α3 = 0.
Action from Contraction
In this section we show that the action (2) can be ob-
tained from a topological de Sitter gauge theory (for early
works on dS gauge theory see [11, 12, 28–30]). The the-
ory is invariant under local de Sitter transformations and
spacetime diffeomorphisms SO(1, 4) × Diff . It is useful
to look at this as a principal fibre bundle with SO(1, 4)-
valued bundles over 4 dimensional base (spacetime) man-
ifold on which diffeomorphisms act. The action is a func-
tional of the the connection 1-form AAB and a (dimen-
sionless) dynamical field φA in the vector representation.
The capital latin indices run from 0 to 4. The action is
S = ABCDE
∫
M
c1F
AB ∧ FCDφE
+c2F
AB ∧DφC ∧DφDφE
+c3Dφ
A ∧DφB ∧DφC ∧DφDφE
−
∫
M
g(ηABφAφB − v2)2Λ4. (24)
3
F is the curvature of the connection
FAB = DAAB = dAAB + AAC ∧ACB , (25)
and de Sitter covariant derivative is defined as follows
DφA = dφA + AABφ
B . (26)
In the above action, Λ4 is a dimensionful 4-form Lagrange
multiplier, ηAB is the de Sitter invariant numerical tensor
and v is some dimensionless constant.
In the action (24) all possible 4-forms are included.
However, each term can be multiplied by singlet 0-form
powers of φA that we do not study here.
In order to make connection with the action (2) we
formally decompose the dynamical fields into SO(1, 3)
representations as
AAB =
(
ωab ea
−eb 0
)
, (27)
φA = (φa ϕ)
T
. (28)
Accordingly, the de Sitter curvature is decomposed as
FAB =
(
Rab − ea ∧ eb T a
−T b 0
)
, (29)
where T a is defined as T a = Dea. Moreover, the covari-
ant derivative of the vector becomes
DφA = (Dφa + ϕea dϕ− eaφa)T , (30)
where the Lorentz covariant derivative D defined is as
before. Moreover, now the gauge transformations are
δωab = Dλ
a
b + (e
ab − eba), (31)
δea = −Da + λabeb, (32)
δφa = λabφ
b + aϕ, (33)
δϕ = −aφa. (34)
Finally, the de Sitter invariant action (24) is found as
S =c1abcd
∫
M
[
ϕ(Rab − ea ∧ eb) ∧ (Rcd − ec ∧ ed)
+2 (Rab − ea ∧ eb) ∧ T cφd
]
+c2abcd
∫
M
[
(Rab − ea ∧ eb) ∧ (Dφc + ϕec) ∧
(Dφd + ϕed)ϕ
+(Rab − ea ∧ eb) ∧ (dϕ− φeee) ∧
(Dφc + ϕec)φd
+T a ∧ (Dφb + ϕeb) ∧ (Dφc + ϕec)φd
]
+c3abcd
∫
M
[
ϕ(Dφa + ϕea) ∧ (Dφb + ϕeb) ∧
(Dφc + ϕec) ∧ (Dφd + ϕed)
+φa(Dφb + ϕeb) ∧ (Dφc + ϕec) ∧
(Dφd + ϕed) ∧ (dϕ− φeee)
]
−
∫
M
g(ϕ2 + ηabφaφb − v2)2Λ4. (35)
Group Contraction The Minkowski spacetime can be
viewed as infinite radius (vanishing cosmological con-
stant) limit of the de Sitter geometry a.k.a. the Penrose
limit. At the the level of algebra, the Poincare algebra
can be obtained from the de Sitter algebra by rescaling
some of the generators and taking a singular limit by the
Ino¨nu¨-Wigner contraction [31]. Both algebras have the
same number of generators but the structure constants
are different. To apply the contraction, we introduce a
length scale l and rescale the de Sitter boosts Ma5 as
l−1Ma5 = P a, (36)
where P a has dimension mass. It can be easily seen that
[P a, P b] = l−2Mab → 0, (37)
when l → ∞. The rescaling of the generators is equiva-
lent to the rescaling of the connection. The connection
1-form can be expanded as
A = AABMAB = ω
abMab + (l
−1ea)(lPa), (38)
where the connection ea is now dimensionless. Similarly,
the transformation parameters are rescaled as
λ = λABMA
B = λabMa
b + (l−1εa)(lPa), (39)
where now εa has dimension length. Furthermore, we
rescale the Lorentz scalar as ϕ 7→ lϕ such that now it has
mass dimension 1. Finally, We send l → ∞ and while
keeping ϕ, e and ε fixed. In this limit some parts of the
gauge transformations (31) and (34) change as follows
δωab = Dλ
a
b + l
−2(eab − eba)→ Dλab, (40)
δϕ = −l−2aφa → 0. (41)
Together with (32) and (33) they form gauge transfor-
mations under the Poincare group given in (3) to (6).
One would wonder what would happen at the level
of the action (and to the dynamics) when l → ∞. We
substitute the rescaled fields into the the decomposed de
Sitter invariant action (35). We also resale the constants
Λ4 7→ l−3Λ4 and v 7→ lv so that they have dimension
mass and keep them fix in the limit l → ∞. The action
can be organized in powers of l as S = l(· · · )+ l−2(· · · )+
l−3(· · · ). Only the terms proportional to l survive in
l→∞ limit and those give exactly the Poincare invariant
action (2).
Conclusion
In this note we argued that a Lorentz invariant mas-
sive gravity (a` la dRGT) can be obtained dynamically
from spontaneous symmetry breaking in a topological
Poincare gauge theory. In the broken phase, besides po-
larization modes of massive graviton, there is a Higgs-like
scalar excitation which can extend the theory of massive
spin 2 into a Lorentz invariant UV completion. The ex-
plicit computations of the tree-level forward scattering of
4 longitudinal modes is studied somewhere else [32].
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